Purpose: The present study aims to estimate the prevalence of non-compliance and improper drop administration technique among glaucoma patients and describe common obstacles to medication compliance. Methods: A hospital-based cross-sectional study, using standardized questionnaire and direct observation by study personnel was conducted among glaucoma patients aged 18 years and above at a tertiary care charitable eye hospital in North India. 151 consecutive glaucoma patients on medical therapy following up at the glaucoma clinics for at least 6 months were recruited. Non-compliance was defined as missing at-least one drop of medication per week and (or) the inability to accurately describe the medication regimen. Study personnel also assessed drop administration technique during application of eye drops by patients treating ophthalmologist-provided information, including measures of disease stability. Factors such as socioeconomic status, presence of caregiver, and number of medications with their effect on compliance were studied using chi-square statistics. Results: Among 151 patients interviewed, around 49% of patients reported problems in using glaucoma medications, with 16% of them reporting total non-compliance. 35% of patients demonstrated improper drop administration technique. Forgetfulness was cited as the main reason for being non-compliant and had a significant association with non-compliance (P ¼ 0.00). Paying patients were more compliant as compared to subsidized patients (P ¼ 0.05). Disease was more stable in compliant patients compared to non-compliant patients (P ¼ 0.05). No other factor had significant association with compliance (P > 0.05). Conclusions: Over 50% of the patients surveyed were non-compliant, and 35% demonstrated improper administration technique. Glaucoma patients should be educated on the importance of compliance and aids that minimize forgetfulness, and delivery systems facilitating the delivery of medications to the eye could be considered to enhance patient adherence.
Introduction
Glaucoma contributes to 0.6 million disability-adjusted life years (DALYs) or 1.96% of the overall burden of diseases in India. 1 A recent population-based study using modern techniques for detecting glaucoma suggested 11.2 million persons aged 40 years and older are affected due to glaucoma in India. 2 Around 27.6 million persons were estimated to have some form of primary angle closure disease. Blindness among primary angle closure glaucoma (PACG) patients affects twice the number than those with primary open angle glaucoma (POAG). 2 It is estimated that every eighth individual aged 40 years and over to be affected due to glaucoma or is at risk in the country.
Glaucoma progression is associated with elevated intraocular pressure (IOP), and lowering IOP has been shown to inhibit the progression of glaucomatous optic nerve damage. 3 Topical medications are an effective initial therapy in many patients, but studies have shown that it is often necessary to use multiple topical medications to achieve target IOP. However, a complicating factor to glaucoma treatment is that a large population of patients has been shown to have poor compliance. In a study in South India, 42% of the patients reported one or more problems in using their glaucoma medications, and around 6% of patients reporting less than 100% adherence to their medications during the week before. 4 Various barriers to glaucoma treatment compliance exist, and these can be categorized into provider factors, situational/ environmental factors, medication regimen factors, and patient factors. 5 Glaucoma medication compliance can be determined using self-report, physician report, direct observation, electronic medication monitors, and pharmacy data. 6 Self-reported compliance is probably the most commonly employed measure of compliance used in the clinical care of patients. The purpose of this study was to assess barriers to compliance to topical anti-glaucoma medications among glaucoma patients using self-reported compliance, and provide information for improving compliance in tertiary ophthalmic care settings.
Methods
A hospital based cross-sectional study was conducted among glaucoma patients aged 18 years and over at the Glaucoma Clinic at Dr. Shroff's Charity Eye Hospital, from June 2015eJan 2016. Dr. Shroff's Charity Eye Hospital is a tertiary referral center providing general and subspecialty services and training. The study used a semi-structured questionnaire (See Annexure 1) to assess patient reported problems and adherence to glaucoma medications. However, the method of drop administration was observed by study personnel among patients or care-givers. The questions included demographic profile (socioeconomic status calculation with Kuppuswamy scale 7 ) and sections on barriers to compliance, patient views on glaucoma medications, number of medications, duration of treatment, and disease stability measured by visual field changes over time by treating glaucoma specialist's observation (who were masked to the nature of compliance of the patient).
The study was approved by Institutional Ethics Committee of the hospital, and the patients who received treatment at the hospital participated in the survey. The survey questions were distributed by trained clinical staff to patients who were over 18 years of age presenting to the hospital out-patient department, diagnosed with glaucoma, and had been started on medications. Patients who were on medications for less than six months were excluded from the study. Verbal consent was taken from each of the 151 patients participating in the survey.
The collected data was cleaned, edited, and coded in MSExcel and analyzed using SPSS (Statistical Package for Social Scientist; version 20, IBM USA). Descriptive statistics in the form of frequencies and percentages were then calculated. The factors associated with non-compliance were explained between independent and dependent variable using chi-square statistics. Statistical significance was considered when the P-value stood at <0.05.
In this study, 'non-compliance' stands for missing any of the drops in the last week (both partial and total noncompliance). 'Partial compliance' was defined as those missing at least one drop of medication per week and (or) the inability to accurately describe the medication regimen, and 'total non-compliance' was defined as not taking any prescribed glaucoma medication for one week. 'Full compliance' meant patient's adherence to regimen and was not missing any medication for the last one week. In addition to this, improper drop administration technique was also noted, whether the patient touched the bottle tip to the eye or if the drop missed the eye. In this study, mean defect in best eye on visual field was considered mild [better than À6 Decibel (dB)], moderate (À6 to À12 dB), and severe (worse than À12 dB).
Doctor's perception of disease stability-A patient was defined as being stable if they had stable optic disc findings on subsequent disc photographs, no visual field progression, and IOP maintained in the target range. The disease was termed unstable/progressing if the patient had progression of disc findings (progressive cupping of optic disc, broadening or deepening of retinal nerve fiber layer defects or disc hemorrhage) with progression of glaucomatous field defects on visual field associated with IOP higher than the target pressure.
Results
A total of 151 patients were interviewed. The average age of the participants was 56.11 years, ranging from 18 years to 90 years. Most (66.23%) of the participants were over the age of 50 years, and two-thirds of them were males. Few (16.56%) of the participants were illiterate, though a majority (35.76%) were educated in the university. Most of the participants belonged to either middle or upper lower class as per Kuppuswamy scale.
A significant majority (75.50%) had bilateral involvement of glaucoma in their eyes, and those affected with either eye had almost equal representation in the left or right eye. Most of the patients were on treatment duration of 5 years or less, and around 28% reported a history of glaucoma in the family (Table 1) .
Fifty-four patients (35.76%) were observed to conduct improper drop administration technique. Forty-nine patients touched the eye while instilling the drop, and 5 patients missed the eye. Around 49.33% of the interviewed patients mentioned missing at least some form of the prescribed medication in the past 1 week, with 16.67% of these patients having total noncompliance (Fig. 1) . The most cited reason for noncompliance was forgetfulness, followed by outstation travel. Seven patients mentioned costs as one of the problems, while another 7 mentioned the unavailability of the prescribed drug as reasons for non-compliance ( Table 2) .
The level of compliance was compared between various groups of patients. The results showed that only three parameters, i.e. doctors perception of stability of the disease (stable/unstable), cause of non-compliance, and patient category (paying/subsidized) were found to have a significant effect (P < 0.05) on non-compliance. The rest of the variables, such as age (P ¼ 1.00), gender (P ¼ 0.88), education (P ¼ 0.10), socioeconomic status (P ¼ 0.162), improper administration technique (P ¼ 0.61), treatment period (P ¼ 1.00), number of medications (P ¼ 0.632), side-effect of medications (P ¼ 0.54), scheduling difficulty (P ¼ 0.66), presence of caregiver (P ¼ 0.99), and visual defect severity (P ¼ 1.00) did not show any significant effect on noncompliance (Table 3 ).
Discussion
Glaucoma is the leading cause of irreversible blindness in India. Poor glaucoma awareness 8, 9 and under-utilization of ophthalmic services in the country adds to the existing glaucoma burden. 10 In such circumstances, the need for increasing compliance of anti-glaucoma medications becomes imperative to manage this condition. This article reports using a sample of 151 patients through interviews and direct observation to explore the factors associated with treatment compliance to glaucoma medications in a tertiary eye care center in North India.
The persistence with glaucoma medications have been found to be varying across several studies. In this study, around 49% of the interviewed patients reported either partial or total non-compliance with their glaucoma medications. However, in other developed and developing countries in Asia, the non-compliance rates have been found to be varied: Israel (29%), 11 Hong Kong (63.4%), 12 Taiwan (75.8%), 13 Saudi Arabia (19.4%), 14 and Pakistan (65.5%). 15 The prevalence noted in the present study is in concordance with an earlier study done on glaucoma medication compliance in South India. 4 The two previous studies on non-compliance conducted in North India reported non-compliance rates of 18% and 58%, respectively. 16, 17 It is worrying to note that the earlier study in South India was done in 2009, and even though our study has been conducted seven years later, the percentage of non-compliance among patients with glaucoma remains Fig. 1 . Level of compliance to anti-glaucoma medications (n-151). The figure describes the patients' level of compliance to anti-glaucoma medications as total noncompliance, partial non-compliance, and full compliance (number-151). high. This points to the fact that the knowledge of the illeffects of medication non-compliance among glaucoma patients remains low, and there is need to ensure that patient education and community awareness on glaucoma needs to be focused in our country.
Review of the studies from Asia show that difficulty opening the bottle, 11 presence of a family member, 11 older age, 4, 14 and belonging to a rural area 4,13 influenced noncompliance rates. Among studies from India, including this present study, factors influencing non-compliance were dose forgetfulness 16, 17 and cost. 17 Being a developing nation with most of the patients without insurance coverage, we expected cost as a major cause of non-compliance. However, we noted forgetfulness to be the leading cause. Hence, proper counseling of patients regarding the need for compliance with the treatment should be emphasized by eye care providers. Studies 18e20 have shown that electronic reminders could improve adherence to chronic conditions, such as glaucoma. Thus, some of the measures that could probably improve compliance are: making patients and relatives aware about the disease and its sequelae, development of support system to remind patient about drops, and use of electronic reminders such as short message service (SMS) and social media applications.
Although a greater number of patients belonged to middle and lower socioeconomic status as per Kuppuswamy scale, we noted an equal number of patients under paying and subsidized category clinics. Thus, the patients with lower socioeconomic status also opted for paid clinics in our study. There is a possibility that these categories of patients are more concerned about the disease and its implications. This, in turn, may explain higher compliance among paying patients.
The patients who were compliant were noted to be stable in terms of glaucoma progression by the treating ophthalmologist, as compared to the non-compliant patients. Noncompliance to drops leads to glaucoma progression due to inadequate IOP control and subsequent optic nerve damage. 21 Konstas et al. 22 have reported progression of visual field and disc cupping in non-compliant patients. However, in an evidence based review by Olthoff et al., 23 no strong evidence supporting a relation between non-compliance and progression of visual field (VF) loss was found.
36 percent of our patients were noted to conduct improper drop administration technique. Poor aim can result in undertreatment and disease progression. On the contrary, repeated attempts can lead to excess medication administration and over-treatment, with higher medication costs and increased risk of side effects. 23 Contact of the tip of the eye drop container to the eye or skin has consequences that range from contamination 24e26 to trauma. A recent review article concludes that the aids named "Eyot" and "inverted, funnel-shaped guide" have positive objective and/or subjective study outcomes on eye drop instillation. 27 Elderly patients and those with musculoskeletal comorbidities may benefit most from instillation aids. 28 We also recommend eye drop administration aids to minimize improper drop administration technique.
As a follow-up measure in the hospital, to take care of the problem of non-compliance, we have incorporated counselors to explain glaucoma and the need for compliance to antiglaucoma medications to patients. The importance of the caregiver is also emphasized to the patients. We also recommended developing patient reminder systems to increase compliance to the hospital authorities. The study has a few limitations. As described in several studies, the method of using self-report through use of questionnaires could result in an overestimation of the results on compliance. Second, the study was conducted among patients who reported to a clinic for glaucoma treatment. Future research should look at the barriers of medication compliance using a community-based study on patients who have reported to such clinics and later have not returned for follow-up examinations. Lastly, this study was conducted at a single glaucoma clinic in North India; hence the generalizability of the study is limited.
Notwithstanding these limitations, our study has several strengths. The measures of non-compliance through improper administration technique were observed by study personnel of the patients/caregivers putting the eye drops. Around 43% of the study participants reported being from a lower socioeconomic background, which reflects the fact that the hospital is a charitable health facility with tertiary care facilities catering to lower, middle, and upper income category of the Indian population at large. Trained clinical staff administered the questionnaire used on the patients during the interviews. Our study found a substantial level of non-compliance among patients reporting to a glaucoma clinic in North India. Among the 49% of patients who reported less than 100% adherence to their glaucoma medications in the previous week, around 16% reported total non-compliance. There is need for doctors and glaucoma clinics to pay more attention to the issue of medication non-compliance among patients reporting to health facilities. A support system to remind patients about glaucoma medications is required.
